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Abstract - With rising hazardous organic vapours in the 
environment, the detection of volatile organic vapour 
compounds (VOCs) is becoming important. To this end, this 
paper presents a conductive droplet-based disposable 
sensor. Unlike conventional sensors, the droplet system is 
easily replaceable and is capable of detecting multiple 
vapours based on surface tension gradient. The 
chemiresistive sensor presented here is fabricated on 2.5 µm 
thick ultra-flexible graphene oxide-chitosan (GOC) with Pt 
electrodes having 60 µm gap. The electrostatic interaction 
and strong hydrogen bonds between GO and polysaccharide 
groups in chitosan provide tunable hydrophobicity and 
stability to the droplet. With a conductive droplet of ~10 µL 
of aq. NaCl as an active sensing material dispensed between 
the Pt electrodes, it was observed that the droplet showed 14-
21% change in resistance in the presence of VOCs. A read-
out circuit was also designed to get the data from the droplet 
sensor. The response time for the presented sensor (3-4 
seconds) is significantly better than its solid-state sensor 
counterparts. With attractive features such as disposability, 
affordability and fast response the presented sensor will find 
applications in industrial environments, laboratories, health 
centres, and biomedical devices. 
Key-words – Disposable Sensors, Printed Electronics, 
Microfluidics, VOC. 
I. INTRODUCTION 
Microfluidic sensing systems are employed extensively in 
various sensing applications due to the ease of fabrication, and 
control of fluid [1, 2]. As a result, these systems have gained 
popularity in applications based on microelectronics [3, 4], 
biosensing [5], stretchable electronics [6], and 
microelectromechanical systems [7]. With electronic [8], 
optical [9] and mechanical systems [10], the microfabricated 
channels and pumps have been employed to obtain highly 
sensitive devices and sensors. Paper based microfluidic sensors, 
with possibility of easy disposal have also been reported in the 
literature[11, 12]. Although these systems offer features such as 
low-sample requirement, higher sensitivity, and precise control 
of flow and heat, they suffer from the inability to create 
patterned motions inside the system. Several methods have 
been utilized to overcome the problem such using high electric 
fields and an alternative approach of using droplet-based 
microfluidics [13]. But, most of them require high electric field 
or substantial external influence. In this regard, the droplet-
microfluidics has gained interest as it is relatively simple and 
does not require a fluid-flow arrangement. 
Droplet-microfluidics are mostly based on a microdroplet 
rather than a flowing system [14]. The volume of the droplets 
can be tuned from microliter to femtoliter based on the 
requirement and hence the requirement of sample is also very 
low. The small droplets can be controlled by microstructures 
with relatively fewer requirements of external energy and lead 
to highly sensitive sensors. Further, this approach provides an 
opportunity to encapsulate a large number of target molecules in 
a single droplet system and hence to analyse the large data by 
splitting, merging, and sorting of the droplets through the 
application of external stimulations. Exploiting these 
advantages, here we present a conductive droplet-based 
disposable sensor for detection of volatile organic vapour 
compounds (VOCs). With rising hazardous organic vapours in 
the environment, the detection of VOCs is important for human 
safety. 
The conductive droplet-based disposable VOC sensor 
presented here shows the response time of 3-4 seconds, which is 
significantly better than the widely used solid-state sensors, as 
explained later. The chemiresistive sensor used in this work is 
fabricated on 2.5 µm thick ultra-flexible graphene oxide-
chitosan (GOC) with Pt electrodes which are 60 µm apart. The 
presence of GO in the GOC substrate provides the optimum 
hydrophobicity to the droplet for efficient operation. The 
electrostatic interaction and strong hydrogen bonds between GO 
and polysaccharide groups in chitosan provide tunable 
hydrophobicity and stability to the droplet. Moreover, the 
biocompatibility and bioresorbability of GOC substrate are 
highly desirable features in the disposable sensing applications. 
With a conductive droplet (~10 µL of aq. NaCl as an active 
sensing material) dispensed between the Pt electrodes, the 
resistance of droplet shows 14-21% change in the presence of 
VOCs. Unlike conventional sensors, the droplet system is easily 
replaceable and is capable of detecting multiple vapours based 
on surface tension gradient. Droplet-based sensors [14, 15] also 
provides the additional advantage of being reused with 
minimum physical interventions. The work presented in this 
paper extends our previous work presented at IEEE FLEPS 2019 
conference [16]. With respect to the preliminary work presented 
in the conference, herein we have further analysed the sensors 
for stability and for the effect of bending. Further, the circuit 
implementation is presented for the VOC sensor. 
This paper is organised as follows: Section II briefly presents 
the state of the art related to VOC sensors. The materials and 
methods related to the presented droplet-based VOC sensor are 
described in Section III. This is followed by the analysis of 
results in Section IV and circuit details in Section V. Finally, the 
key outcomes are summarised in Section VI.  
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II. STATE OF THE ART 
Over the past few decades, a number of organic vapour 
sensors have been developed utilizing various materials such as 
metal-oxide, carbon materials, and polymer composites, etc.[17, 
18]. Many of these sensors require high operating temperature 
and are unsuitable for multiple vapour detection. The 
deteriorated performance of many of the existing sensors during 
prolonged exposure of vapour is another issue which renders 
them useless after some time. A replaceable and disposable 
sensor can provide the solution in such a scenario. Recently, 
solid-state metal-oxide sensors have been explored to overcome 
such issues, but currently, they are not economic [19-25] and 
hence not attractive for disposable applications. Moreover, 
multiple uses of a sensor for different users create the concern of 
hygiene. These challenges are driving the research towards the 
development of affordable, flexible, and disposable sensors [26, 
27]. As a result,  sensors on flexible substrates are being explored 
for detection of pH [28, 29], temperature [30], and body-fluid 
[28] etc. Other examples include, VOC sensors based on self-
assembled nanoparticles produced by a droplet of colloid [31]. 
Many of these sensors perform better when compared to their 
conventional solid-state counterparts. A performance 
comparison is shown in Table 1. Further, being flexible, these 
sensors can conform to curvy surfaces and have the advantage 
of being suitable for wearable applications. However, 
disposability of these sensors has not attracted much attention. 
In this regard, our recent works on sensors are relevant as we 
demonstrate the biodegradibility and hence suitability of GOC 
based sensors for the disposable application [32, 33].  With the 
droplet sensing mechanism, if needed, it is possible to reuse the 
sensors on GOC substrates for a few tests. Droplet being the 
active material, the sensor can be used a few times just by 
replacing the previous droplet with a new one. The droplet 
system also shows better response time, as discussed in the 
following sections. Microfluidics based sensors are gaining 
attention for their ease of implementation. In this line, many 
droplet-based sensors [15, 34, 35] have been reported for a 
variety of applications but these are not compatible with 
wearable systems. Hence, droplet sensors on a flexible substrate 
could open new avenues in bendable electronics.  
    
 
Fig. 1: (a) Fabrication steps; (b) optical images the fabricated 
electrodes on flexible substrate; and the (c) optical microscopic image 
of the fabricated electrode.  
  
Fig. 3: (a) The electrical stability response (Rs) of the aq. NaCl (conc. 
1.7M and 1.15M) droplet in an ambient condition, (b) the response of 
the sensor for different salt concentration (Cs) of NaCl. 
 
 
Fig. 2 (a) The scheme of the experimental set-up; (b) the schematic 
illustration of droplet set-up on flexible substrate; (c) the scheme of 
Marangoni circulation due to exposure of vapour near the droplet 
surface. 
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III. MATERIALS AND METHODS 
A. Materials: Graphene oxide (GO) (ultra-high concentrated 
single-layer graphene oxide solution, 6.2 g/l) procured from 
Graphene Supermarket, US. Cellulose acetate butyrate (CAB), 
chitosan, ethyl-L-lactate, acetic acid, iso-propyl alcohol (IPA), 
methanol, ethanol has been procured from Sigma Aldrich, UK. 
All chemicals were used as procured.  
B. Fabrication Process: The fabrication process of the 
flexible chemiresistive sensor is similar to the one reported 
previously [32, 36, 37]. The GOC composite was synthesized by 
dissolving 2mL of GO solution, 0.5 g of Chitosan, and 4.5mL of 
2% acetic acid in 50 mL of DI water. The solution was stirred 
vigorously at 40oC using magnetic stirrer at 1300 rpm for 12 hrs 
to disperse GO and completely dissolve chitosan. Subsequently, 
5% (wt. %) cellulose acetate butyrate (CAB) was dissolved in 
ethyl-L-lactate and spun on a silicon substrate at 1000 rpm for 
30 seconds. Then the synthesized GOC composite was drop-
casted on silicon substrate pre-coated with CAB. Here the CAB 
acts as a sacrificial layer and prevents any fabrication induced 
damage of the GOC film. The major fabrication steps are shown 
in Fig. 1(a). The Pt electrodes (separation gap - 60μm) were then 
deposited on the GOC flexible film using a hard-mask. The 
fabricated flexible substrate and the microscopic image of the 
electrodes are shown in Fig. 1(b) and 1(c) respectively. The 
electrostatic interaction and strong hydrogen bonds between GO 
and polysaccharide groups in chitosan provide tunable 
hydrophobicity and stability to the droplet. Moreover, GOC has 
attractive features such as disposability, affordability, 
biocompatibility and bioresorbability which makes it suitable for 
this application. 
C. Characterisation: The experiment was carried out with a 
sessile conductive droplet of 1.7M aq. NaCl salt solution after 
optimising the concentration of NaCl. The salt solution of 
different concentration was prepared at room temperature. 
Initially, a droplet of ~10 µl was dispensed in between a pair of 
Pt electrodes deposited on the GOC substrate. Fig. 2(a) and 2(b) 
describe the set-up employed for the experiments. The 
electrodes were connected to the digital multimeter (Agilent 
34461A) to record the electrical resistance across the droplet as 
shown in Fig. 2(a). In order to characterize the effect of VOCs, 
another droplet of an organic vapour was kept at a distance of ~1 
cm and the electrical response was recorded. In another 
approach, the vapour source was introduced using micropipette.  
Fig. 2(c) shows the schematic of induced Marangoni motion 
inside the droplet due to the introduction of vapour which creates 
a surface tension gradient on the droplet surface. The material 
characterisation of the substrate has been performed and 
reported in our previous work [33]. 
IV. RESULTS AND DISCUSSIONS 
The droplet on the flexible substrate was electrically 
characterized in ambient condition inside the laboratory in a 
calm environment. It was observed that after dispensing the 
droplet, it took 1-2 seconds for the droplet to stabilize 
electrically, as can be noted from Fig. 3(a). This is because it 
 
Fig. 5: (a) Change in the rotational motion (𝜔) with the surface 
tension gradient (∆𝛾), (b) response with the gradient of interfacial 
tension between the air-water and vapour-water interfaces. The error 
bars are the standard deviation of at least 3 repeated measurements. 
  
 
Fig. 4: (a) Temporal sensor response in presence of IPA, methanol, 
and ethanol, (b) the percentage change in resistance for IPA, 
methanol, and ethanol, (c) temporal response of the sensor for 
methanol exposure in two experimental conditions, (i) placing a 
drop of methanol near the sensor (droplet), (ii) introducing 
methanol using micropipette (micropipette), (d) the response 
of the sensor for different concentration of vapours. 
Table I: Properties of the VOCs under consideration 
VOC Surface 
Tension, 𝛾 
(mN/m) 
Surface 
Tension 
Gradient*, ∆𝛾 (mN/m) 
Diffusivity 
in water 
(cm2/s) 
Diffusivity 
in air 
(cm2/s) 
IPA 20.7 51.3 1.03×10-5 0.0959 
Ethanol 21.66 50.34 1.15×10-5 0.115 
Methanol 21.79 50.21 2.63×10-5 0.15 
*The gradient was measured w.r.t. water (72 mN/m) 
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takes some time for mechanical stability. An experiment was 
performed with IPA as vapour source at different concentration 
of NaCl and the maximum response was observed at 1.7M of 
NaCl as illustrated in Fig. 3(b) and thus further experiments were 
performed with 1.7 M of NaCl solution. The decrease in the 
response at lower and higher concentration can be attributed to 
the low conductance of the solution and increase in the density 
and viscosity that restricts the Marangoni rotation inside the 
fluid,[14] respectively. Further, the normalized resistance, 𝑅!(= 𝑅/𝑅" , where 𝑅"  is the base resistance of the droplet) 
across the droplet decreased by 14-21%, (Fig. 4(a)) due to the 
presence of different organic vapours (i.e. isopropyl alcohol 
(IPA), methanol, and ethanol). Fig. 4(a) shows the stabilised 
signal from the sensor for the mentioned three vapours. The 
percentage change in resistance (∆𝑅) for each vapour is shown 
in Fig. 4(b). The signal of the sensor for two different 
experimental conditions, (i) placing a drop of methanol near the 
sensor (indicated as “droplet” in Fig. 4(c)), (ii) introducing 
methanol using micropipette (indicated as “Micropipette” in Fig. 
4(c)), was recorded as illustrated in Fig. 4(c). In case of droplet 
of VOC, the sensor signal was not recovered to its initial value 
since the VOC drop takes time to evaporate completely, 
whereas, pulsed introduction of vapour using micropipette for a 
few seconds (1-2 s) demonstrated almost a complete recovery. 
Further, the experiment performed for Fig. 4(c) also showed that 
the recovery of the sensor was good and further the response of 
the sensor is not influenced by the droplet of vapour as it also 
illustrated similar response for vapour in micropipette. Fig. 4(d) 
shows the response of the sensor for different concentration (60 
– 100%) of vapours. As the targeted application of the sensor is 
the detection of alcohol intoxication from breath analysis or 
leakage at industrial areas or laboratories, the concentration 
under consideration is apt for the same. The response of the 
sensor was found to be higher for higher surface tension gradient 
between the vapour-water and air-water interface. Each VOC 
has their specific surface tension as listed in Table I and hence 
will produce a specific response based on the surface tension 
gradient upon exposure. The surface tension gradient creates the 
recirculation inside the droplet due to the Marangoni effect 
which in turn increases the conductance across the droplet. A 
two-dimensional computational fluid dynamic simulation was 
performed in COMOSOL Multiphysics in order to study the 
rotational strength (𝜔) inside the fluid due to surface tension 
gradient by solving Navier–Stokes equations for a two-phase 
system with suitable boundary conditions as reported in our 
previous work.[14] The simulation result shows that the 
rotational motion in the droplet increases with the surface 
tension gradient (∆𝛾) as illustrated in Fig. 5(a). Thus, the change 
in the sensor response (∆𝑅) is higher for higher surface tension 
gradients. Similar response was also reflected in the 
experimental results and the ∆𝑅 is correlated with the surface 
tension gradient (∆𝛾) between the water-air and water-organic 
vapour interface as shown in Fig. 5(b) for five VOCs (ethanol, 
methanol, iso-propyl alcohol (IPA), hexane, and diethylether 
(DEE)). The surface tension gradient can also be correlated with 
vapour pressure however the two are related to each other.[38, 
39] The response of the sensor for three different vapours shows 
different rates of change which is due to diffusivity of three 
vapours in air and water. The diffusivity of IPA is lowest 
compared to ethanol, and methanol as illustrated in Table I. 
Hence, it takes long time for IPA to reach the sensing surface 
and diffuse into the droplet. This reflected by IPA’s lowest rate 
of change or highest response time (~2.4 s) among these three 
mentioned vapours as shown in Fig. 4(a). Similarly, methanol 
showed the fastest response (~1.4 s) than IPA and ethanol (~2.1 
s).  The sensor, in this case, is disposable and it was chemically 
stable on the GOC substrate up to 2-3 times of use as discussed 
later. 
The experiments were also performed to understand the 
stability of the sensors for different cycles of experiments as 
  
Fig. 7: Response of same sensor under bending conditions. (a) 
schematic illustration in static bending condition, (b) response of the 
sensor for different bending radius. 
 
  
Fig. 6: Response of same sensor patch with (a) repeated cycle of 
experiments and (b) repeated tests at different time with same batch 
of sensor patch to check the stability of the sensor patch. 
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shown in Fig. 6(a). These experiments were performed by 
repeating the measurements on a single substrate. The droplet 
was removed from the substrate after each measurement using a 
water absorbent paper and a new droplet was introduced for the 
measurement. It was observed that the sensor is usable for 3 
consecutive times. Thereafter, in most of the cases, the substrate 
got degraded, and the electrodes got damaged. However, the 
fabricated sensor patches are quite stable in terms of storage. As 
an example, a single batch of sensor was stored for more than 
four months and it was found that the sensors showed stable 
response, as shown in Fig. 6(b). In this case, a sensor was used 
from a batch for one measurement and then discarded. 
Thereafter, a sensor fabricated in the same batch was employed 
for the experiments at regular time interval.  
Further experiments are carried out to evaluate the effect of 
static bending during usage. The motion inside the droplet 
depends on the exposure of VOC on the surface of the droplet.  
During bending the effective ratio between unexposed (𝐴#) to 
exposed (𝐴$) surface area increases that forms localised surface 
tension gradient and hence the influence of vapour is more 
prominent. The unexposed surface area increases with the higher 
bending and thus the ratio (𝐴# 𝐴$⁄ ) increases as illustrated 
schematically in Fig. 7(a). The sensor, in this case, was tested 
for 30-10 mm bending radii. The sensor was mounted on three 
different 3D printed bending set-up having 10, 20, and 30 mm 
bending radii. Thereafter the IPA vapour was introduced and the 
 
Fig. 8: (a) Block diagram of the proposed chemiresistance-to-frequency converter. The blue dashed line highlights the analogue front-end that 
can be used by applying a constant input voltage (𝑉!"). (b) The schematic of the two-stage folded cascade amplifier used in OP 1 - 4. 
 
Fig. 9: The input pulse (IN), the output of the PD (PO), and the toggled 
output (TO) for chemiresistance value at 3MΩ (b) the analogue output 
(𝑉%&') for different chemiresistance values shown in a log-log scale. 
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electrical response was recorded using a digital multimeter as 
explained previously. Fig. 7(b) shows the effect of bending on 
the sensor response. As described, the higher bending (low 
bending radius) resulted in a higher response of the sensor. This 
means the response could be modulated by bending the 
substrate.   
V. CIRCUIT DETAILS 
Chemi-resistive method of detection is widely used in a 
variety of application including medical and industrial 
electronics. In general, the resistance of gas (e.g. hydrocarbons, 
propane, methane) and VOC (e.g. alcohols) sensors vary from 
several Ohms to several Mega-Ohms depending on the sensing 
material and the biasing conditions. Normally an analogue 
front-end followed by an analogue-to-digital converter (ADC) 
is interfaced with the sensor in order to digitize the change in 
resistance. A simple way to convert the change in the resistance 
to voltage and then to digitize is to use a voltage divider or a 
Wheatstone bridge configuration followed by an operational 
amplifier to step-up the analogue sensor signal and reduce the 
offset voltage before sending it to an ADC to digitize the same. 
However, depending on the application requirements, these 
implementations have inherent measurement limitations, which 
can be device or sensor specific. The main reason is that the 
response of chemi-resistors exhibits a logarithmic relationship 
between the sensor’s resistivity and gas or vapour 
concentration. This relationship is an expression as: 𝑅()*( = 𝐴 ∙𝐶+, , where 𝑅()*(  is the resistance of the sensor, 𝐶 is the gas 
concentration, and  𝐴 and 𝑎 are two constant factors. Therefore, 
in a voltage divider configuration, the output voltage will not be 
linear, and it will follow the Eq. (1) below: 𝑙𝑜𝑔 2𝑉-&' 𝑉.*3 4 = 𝑙𝑜𝑔 2 /!"#$%/!"#$%01∙3&'4 = 𝑙𝑜𝑔(𝑅4.5)6) −𝑙𝑜𝑔(𝑅4.5)6 + 𝐴 ∙ 𝐶+,)             (1) 
Where, 𝑅4.5)6 is the fixed resistance of the voltage divider. 
Therefore, this approach can be used for applications that require 
gas detection rather than a precise quantitative measurement of 
the concentration.  
For applications requiring precise measurement, the circuit 
highlighted with a dashed blue line in Fig. 8(a) can be used by 
applying a constant input voltage (𝑉.*). This circuit can be used 
in other chemiresistive applications; however, it is designed 
specifically for the proposed sensor for VOCs detection. The 
post-layout simulation was performed for the said circuit with 
the experimental results received from the sensor during VOC 
sensing as discussed in Fig. 4. The post-layout simulation 
allowed to simulate the behaviour of the circuit including all 
parasitic resistances and capacitances introduced in the layout. 
The amplifier used is a two-stage folded cascode topology (Fig. 
8(b)), which provides high gain and stability for a wide range of 
capacitive loads. The maximum output current is set at 63μA and 
this allows the use of small resistances (10 – 40kΩ). The 
simulated open-loop gain is 63dB, the -3dB bandwidth is 4 kHz, 
and the input-referred noise is 14.2 µVrms  integrated from 
1mHz to 4kHz.  
However, an ADC is required in order to digitise and further 
post-process the digital signal at the cost of gradually increased 
design complexity. For that reason, different quasi-digital 
converters have been reported in literature including 
resistance-to-duty cycle, resistance–to-frequency, and 
resistance–to period, as they are simpler topologies, offering a 
wide dynamic range and a simplified interface to digital systems 
(e.g. microprocessors) [40-44]. 
Here, a quasi-digital readout circuit for applications that 
require gas detection is proposed. This circuit is a chemiresistive 
oscillator with target oscillating frequency at 13.56MHz 
allowing compatibility with passive near field communication 
tags, without the need of an ADC. As per post-layout 
simulations, the circuit can operate reliably up to 15MHz 
without the need of additional circuits for frequency locking. To 
validate the proposed approach, the circuit was designed, and 
post-layout simulated in the Cadence-Virtuoso environment at 
the 350nm CMOS technology. The block diagram of the 
proposed readout circuit is shown in Fig. 8.   
The working principle of the proposed circuit is as follows: 
A switched capacitor (SC) network with variable capacitors is 
used instead of resistors allowing calibration of the system with 
digital controls. The SCs are chosen because they are easily 
configurable with digital controls, they have limited thermal 
noise compared to resistors and their temperature dependence is 
lower compared to resistors. The resistance of an SC can be 
calculated using the expression (Eq. 2):  𝑅 = 1 (𝐶5 ∙ 𝑓)⁄                (2) 
 
Where, 𝐶5  is the capacitance and 𝑓  is the frequency of 
switching.. The detection is done in a pseudo-differential mode 
while applying a pulse (frequency 27.12MHz) at both inputs. 
  Table II: Performance comparison of different gas/VOC sensors 
Material Type Measurement Type Replaceable Bioresorbable Operating Temp. (⁰C) Response (%) Ref 
PEG-1540, PEG-20M,  
PEG-6000, and PVP 
Polymer Capacitive No No - ~30 15 
Ag@Fe2O3 Metal/Metal-oxide Resistive No No 250 ~6.3 20 
Au@In2O3 Metal/Metal-oxide Resistive No No 160 ~36.14 21 
V2O5 NWs Metal-oxide Resistive No No 330 ~9.09 22 
α-Fe2O3 NFs Metal-oxide Resistive No No 250 ~12.5 23 
Fe2SO4 aq. Sol. Microfluidic Resistive Yes No RT ~50 12 
NaCl aq. Sol. Microfluidic Resistive Yes Yes RT ~20 This Work 
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This frequency can be applied using a crystal oscillator of the 
respective value. In the absence of a VOC both resistances 𝑅()*(_8)9 and 𝑅()*( have the same value and the output will be 
“High”. Once a VOC is introduced, the 𝑅()*(  will start to 
deviate from 𝑅()*(_8)9  creating a change in the current and 
therefore a mismatch on the charging/discharging of the 
capacitive loads of each stage. This will cause a phase shift at 
the output of the inverters which can be detected from the phase 
detector (PD), whose output is finally toggled in order to create 
a 13.56MHz square wave pulse. The post-layout simulated input 
(IN), the output of the phase detector (PO), and the toggled 
output signals (TO) for chemiresistance 3MΩ are shown in Fig. 
9(a). Based on post-layout simulations, when the 
chemiresistance is set at 3MΩ the output frequency stabilises 
after 3.25μs. Overall, the circuit can be used as an oscillator 
which can detect changes in the chemiresistance and it will start 
oscillating when 𝑅()*()  falls below 3.8 MΩ. The analogue 
output can be recorded and correlated with the responses of 
volatile organic compounds, after undergoing calibration of the 
sensor. Fig. 9(b) shows the analogue output (𝑉%&') for the change 
in sensor resistance (𝑅()*(). The analogue voltage can then be 
employed to detect organic vapours. Based on these simulated 
results we aim to fabricate in future the chips with electronics 
described above. 
VI. CONCLUSIONS 
A study was performed to check the capability of vapour 
sensing of a microdroplet based sensor. It was observed that the 
microdroplet require 1-2 seconds to stabilize on the flexible 
GOC substrate. The sensor showed responses for different 
organic vapours such as IPA, methanol, and ethanol due to the 
on-set of solutal Marangoni motion inside the droplet. The 
motion inside the droplet was related to the surface tension 
gradient between the air-water and vapour-water interface. The 
sensor showed a 14-21% change in resistance for the vapour 
exposures. The response time of the microdroplet-system was 
found to be 2-3 seconds. The GOC substrate was chosen due to 
biocompatibility and bioresorbability, which also make it 
suitable for disposable sensor applications. Additionally, the 
hydrogen bonds and electrostatic nature of GOC provides 
optimum hydrophobicity to the droplet system. The study was 
further extended to evaluate the effect of static bending, which 
is expected during practical usage. It was found that higher 
bending improved the response of the sensor due to the increase 
in the ratio of unexposed to the exposed surface of the droplet. 
Interestingly, these bending related changes indicate that 
bending could also be used to modulate the response of the 
sensor. The post-layout simulation of a readout circuit for 
chemiresistive quasi-digital oscillator is proposed with target 
oscillating frequency at 13.56MHz. The simulated response of 
the proposed circuit is also fast and stabilises after 3.25μs when 
the chemiresistance is set at 3MΩ. The total power consumption 
of the circuit is 1.58 mW. The input and conditions of the circuit 
were similar to the experimental response of the sensor. This 
study shows the possibility of the circuit to be implemented for 
the proposed microfluidic vapour sensor. The integration of the 
sensor with the proposed circuit and experiment with the same 
is kept as the future scope of this study. 
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